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Summary We analysed the hydrolysis of 23 
am,des by 500 yeast and yeast-like straL isolated 
from chmcai spectrins, identified to species level 
by convent.onal methods, ,„ order coVn y the 
vahduy of dm method of species identified 
The results show that 10 of these amides (ac^a 

^ycrnam1de y,an,,de> for^g, 
glycmamtde prop.onamide, urea, thioacetamide 

entiate seven genera and 19 species with an 
occasional requirement for three Id dSonTts" 
cycJohex.rn.de suscepttbUity, surface film fo™ 
"on on hquid medium and ascospore formal 
l^XV ^ ^ V-u and 



«™«iM s.ch in u „ ierer St „di c ,1s vid«r SDre ch M 



Introduction 



23 I^T t^ Un5 - ^ Wurdc e ™ Reme von 
23 A™den an 500 aus klinischen Proben gewonne- 

ri^^ "IT" 16 " gCprtft ' deren SpeciLugeht 
ngke t n ach konvcntioneIJcn Mctho P J^o 

ZltcMDV dicBrauchb ^eit der Ami™ 

ttt C bewerttX E " g b VCrSChiCdCnCr 

In rinTJL pS, Ung€ " Und 10 zuzuordnen 
? e a H nigC ,? cn ^rde als zusatzliches Merbnal 
die Hautbddung in fliissigcm Mcdi ^ C ™ 

von Ascosporen benutzt. Die Amidhydrolyse 
^^^^^^^ « 



In view of the progressive increase in number and 

fermentation and assimilation of carhnn 
pounds l l-ftl c-„ ot ca n>on com- 

stratesfi I ! ' E " ZyTnatlc actlv ^ on various sub- 
14 15 ) h"J J r ? S ,. tance to dyes and fungicides 
TT,; /J C rCC , Cndy beCn Used to identify y Cas " 
h^p^vera «f ide„E 

availaS and em' StCP *? W ' ,d ™ te ™ of 
""o^.^^*"?' «"«.««* methods - 

tests amTL r ^ CStS ' mcl «dmg assimilation 
tests and some fermentation, enzymatic ,nH £ 
chemica tests Wirh f K«. ^"zymanc and bio- 
decrce „f 1 C mcthod s an acceptable 

ScS* no *J acteruaaon may be achieved, 

System (BioMerieux frlnLnfT^^ 0 " 
authors take a < ,ht \ !? i [ 16 * 1 7 L **>ch many 
svst^mc , dlC Standard against which other 

a new taxonomic criterion for this «nus rial 
There are, however, no reference i„.h ?■ 1 J " 
to che application of this meth^to %L 
of yeasts or yeast-like fumri ft„ " gCnera 



hydrolysis for the identification of yeast species of 
clinical interest. 

Material and methods 

The yeasts used in this study were taken from 
patients treated in 1992 at the Hospital 
Universitario "Puerta del Mar", in Cadiz (Spain). 
A total of 500 different strains isolated from 454 
samples taken from 449 patients were tested. The 
strains were kept frozen at — 20 °C in brain-heart 
infusion broth (Difco Laboratories, Detroit, NJ, 
USA) containing 15% glycerine. Taxonomic 
characterization of the strains was performed by 
examining their morphological (colony morpho- 
type, formation of a surface film on the liquid 
medium, blastesis, capsule production, hyphae/ 
pseudohyphae, chlamydospores, arthrospores and 
ascospores), physiological (growth at different tem- 
peratures and in 50% glucose, tolerance to cyclo- 
hexirnide), biochemical (hydrolysis of urea, nitrate 
reduction) and nutritional (fermentation and 
assimilation of carbon compounds) characteristics. 
All these determinations include six control strains: 
Candida albicans ATCC 752, Candida glabraia ATCC 
2001, Candida krusei ATCC 24408, Candida parap- 
silosis ATCC 7330, Candida tropxealis ATCC 750 
and Cryptococcus neoformans ATCC 2344. We exam- 
ined amidase activity against 23 amides, at a 
concentration of 0.25% in a solid medium (urea 
agar base according to Christensen, E. Merck, 
Darmstadt, Germany), with the exception of urea, 
which was used in the same medium at the normal 
concentration of 2%. The amides tested in this 
work were as follows: acetazolamide, acrylamide, 
L-alaninamide HBr, glycinamide HC1, iso- 
nicotinamide, niacinamide, L-phenylalaninamide, 
pyrazinamide, salicylamide, DL-tryptophanamide, 
L-tyrosinamide (Sigma, St Louis, MO, USA); 
benzamide, malonarnide, succinamide, valerarnide 
(Fluka Chemie, Buchs, Switzerland); allylurea, 
2-chloroacetamide, propionamide (Merck, 
Schuchardt, Germany); acetamide, forrnamide, 
thioacetamide, thiourea (Merck, Darmstadt, 
Germany); and urea (Difco Laboratories). 

The amide solutions were prepared in distilled 
water, sterilized by Millipore filter (pore diameter 
0.45 urn), added to the sterile medium in aseptic 
conditions and cooled to 50-55 °C. The tubes 
were inclined such that the medium formed a 
slope some 3 cm in length. The target strains were 
cultivated for 48 h in Sabouraud glucose agar 
(Difco) before preparation of a suspension in sterile 
saline solution of level 2 on the McFarland scale 
of turbidity. The tubes were inoculated with 100 jjJ 
of suspension and then incubated at 30 °C for 10 



days. Readings were taken at 5, 7 and 10 days. 
Amide-free medium was used as control for each 
strain and assay. All strains were assayed twice to 
check repeatability. A positive reaction was 
recorded by the appearance of a more or less 
pronounced pink colour resulting from the alkaliz- 
ation of the medium by ammonia released from 
hydrolysis of the amide. 

Results 

None of the strains displayed activity against 13 
amides (Table 1). These were acetazolamide, 
allylurea, benzamide, chloracetamide, isonicotina- 
mide, malonarnide, niacinamide, phenylalaninam- 
ide, pyrazinamide, salycilamide, succinamide, 
tyros in amide and tryptophanamide. The most fre- 
quently hydrolysed amide was propionamide, 
which was hydrolysed by 97% of the strains tested, 
while acrylamide and thiourea were hydrolysed by 
only 1% of strains. Table 2 shows the 500 strains 
according to genus and species. Strains were ident- 
ified as belonging to seven genera and 19 species, 
three species being teleomorphs of Candida kefyr 
[Kluyveromycts marxtanus) , Candida pellkulosa (PUhia 
anomald) and Candida valida (Pichia mem b ranatfacims) . 
Table 2 also shows which strains had amidase 
activity against the 10 compounds that were hydro- 
lysed by any of the strains: acetamide (ACE), 
acrylamide (ACR), alaninamide (ALA), formam- 



Table I. The 23 amides tested and (heir frequency of 
utilization by 500 yeast strains 


Amide 


%" 


Acetamide 


27.8 


Acetazolamide 


0 


Acrylamide 


1 


L-AJaninamide HBr 


- 15.4 


Allylurea 


0 


Benzamide 


0 


2-Chloroacetamidc 


0 


Form amide 


27.2 


Glycinamide HC1 


9.6 


Iso nicotinamide 


0 


Malonarnide 


0 


Niacinamide 


0 


L-PhenyiaJaninamide 


0 


Propionamide 


97 


Pyrazinamide 


0 


Salicylamide 


0 


Succinamide - 


0 


Thioacetamide 


1.2 


Thiourea 


1 


DL-Tryptophanamide 


0 


Tyrosinamide 


0 


Urea 


3.6 


Vaieramide 


25.4 
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Table 2. Amidasic pattern* of 500 yeast a trams, obtained from a 10- amide test 



Pattern 


Species 


Positive 
strains 


% 


j 


Candida krusei 


4/25 


16 


i 
i 


KIujim wf tiyccs marxianus 


1/1 


too 


o 

£. 


Ciyptococcus umguttulatus 


l/l 


100 


*l 
J 


canaxaa albicans 


298/298 


100 


a 


Candida gtabrata 


28/28 


100 


** 


Lsftnatad ktuscx 


15/25 


60 


j 


Pichia TTuthhroTutgftxcuJts 


1/1 


100 


A 


Candida krusei 


3/25 


12 


C 

D 


Ciyptococcus nmformans 


2/2 


100 


c 
O 


Candida krusei 


3/25 


12 


o 


Candida iruonspicua 


2/2 


100 


5 


Ptchm anomala 


2/2 


100 


5 


Tfichosporxtft capUatum 


1/3 


33 


7 


Candida lusitamac 


1/1 


100 


8 


Candida guiliUrmondii 


2/2 


100 


9 


Tnthospam capitalum 


2/3 


66 


10 


Candida tropicalis 


70/70 


too 


II 


Gcotrichum candidum 


2/2 


100 


12 


RhodoUmda glatims 


7/7 


100 


12 


Rhodoiorula mucilagyiosa 


3/3 


100 


13 


Candida parapnlasis 


6/47 


13 


14 


Candida parapsiiosis 


41/47 


87 


15 


Trichosporon beigda 


4/4 


100 


16 


Candida Upolytica 


!/l 


100 



Amide 



i 0"l t ij^ 



ACE ACR ALA FOR GLY PRO TIA TIO URE VAL 



+ 
+ 

+ 
+ 

+ 



+ 
+ 



+ 
+ 

+ 
+ 
+ 
+ 



+ 
+ 

+ 
+ 
+ 
+ 



+ 
+ 
+ 
+ 



+ 
+ 
+ 
+ 



+ 



+ 
+ 



+ 



+ 
+ 



+ 
+ 



aUnirumide; FORi roiTnarnide; gly - 8,ycinam,dc: pro ' p^p— ^ tia. 



ide (FOR), glycinamide (GLY), propionamide 
(PRO), thioacetamide (TIA), thiourea (TIU), urea 
(URE) and valeramide (VAL). A total of 16 
amidase patterns were distinguished, four of them 
shared by more than one species. Candida krusei 
strains displayed four different patterns, the most 
numerous of which was exhibited by 60% of 
strains. Candida parapsiiosis and Trichosporon capitatum 
strains exhibited two patterns, one preferential 
and the other secondary. These were the only 
species to present more than one pattern. The 
variations in Candida krusei were: hydrolysis of 
propionamide negative in 28% of strains and 
hydrolysis of alaninamide positive in 24% of 
strains. The other variations were: negative pro- 
pionamide in 12.8% of C parapsiiosis strains and 
negative acetamide in 33.3% of T. capitatum. From 
a taxonomic standpoint two amides, thioacetamide 
(TIA) and thiourea (TIU), may be dropped from 
the list without affecting the results. Table 3, in 
which all the species assayed (except RhodoUmda 
strains) can be identified, was drawn up from 
activity against the remaining amides and the 
results of three classic tests: formation of a surface 
film on liquid medium (PEL), tolerance of cyclo- 
hexirnide (ACT) and ascospore formation (ASC). 



Discussion 

The 500 yeasts strains identified in this study 
represent most of the genera that are of recognized 
clinical interest, with the exception of the genus 
Saccharomyces, of which no isolate was identified. 
Some of the species detected, such as Candida 
inconspicua, C. Upolytica, Ciyptococcus uniguttulatus, 
Kluyveromyces marxianus, Pichia anomala and Pichia 
mcmbranaefacunSy are uncommon, either because 
they rarely occur in our clinics or because they 
sometimes escape detection owing to lack of 
adequate methods. It is not easy to characterize 
them adequately without additional tests not 
included in commercial systems in regular use. 
This indicates the difficulty sometimes involved in 
identifying yeasts, particularly when species are in 
a teleomorphic state. Examination of amidase 
activity showed marked differences between most 
of the strains and enabled them to be grouped by 
amidase spectrum. On the 16 profiles identified, 
only four were shared by more than one species, 
although in one case this included Rhodoiorula 
glutinis and Rhodotorula mucilaginosa, species which 
share many characteristics. C. krusei strains proved 
to be the most difficult to identify, presenting four 
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Species " 



Amrdasic pa tie rn 5 



ACE ACR ALA 



Complementary tests 



C. krusei 
fC. manaonus 
Cr. unigutttdatus 
C. krusei 
C. parapsilosis 
C. albicans 
C. glabrata 
C. krusd 

P , Tnfrnbrorui^faciais 

Or. fteofifTTrutns 

C kmsei 

C. iruonspicua 

P. anamaia 

T. cafniatum 

C. htsUartiae 

C g*ittirrmondu 

C. tropicaJis 

T. capiiatum 

G: candidum 

T. bcigelii 

C iipotytica 

It glutxms 

JL mucilqginosa 

C parapsilosis 
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separate profiles, three of which were shared by 
other species. On the sole basis of hydrolysis of 
eight amides, we succeeded in identifying the 
species of aU isolates, with the assistance on 
occasions of two classic tests which are in routine 
use and are easy to apply: formation of a surface 
him on a liquid medium and tolerance of cyclohex- 
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■nude. Examination of ascospore formation was 
necessary for recognition of yeasts in teleomorphic 
state. Only m the case of Rhodotoruta did other tests 
prove necessary, such as reduction of nitrates or 
growth in 50% glucose. Figures 1 and 2 show 

l en ^ gnUm ° btaincd b V numerical taxonomy of 
the 500 yeast strains. The first was compiled from 
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Figure 2. Dendrogram obtained by numerical taxonomy of 500 yeaM strain* and their amid** acuity against 23 amides and results of three 
complementary t«ts: simple matching coefficient and group-average clustering. , -0.838. For abbreviauoruf see Fig T 



the profile of activity against the 23 amides and 
the second with the addition of the three supple- 
mentary conventional tests (PEL, ACT and ASC). 
The mathematical basis for both is the simple 
matching coefficient and group-average clustering 
[19, 20], Dendrogram 1 (Fig. 1) misidentifies 
taxa 16 (RMU) and 10 (RCL), taxa 20 (CKR), 22 
(PQN), 4 (TCA) and 15 (CIN) and also taxa 0 
(CGL), 2 (CAL), 11 (PME and 14 (CKR) and 
even taxa 5 (KMA) and 7 (CKR). After the 
addition of the three complementary tests, dendro- 
gram 2 (Fig. 2) shows the identification of these 
taxa as species, except taxa 10 (RGL) and 16 
(RMU), and the new order of taxa. The phenetic 
relations between species in dendrogram 2 (Fig. 2) 
are very evident. 

The capacity of yeasts and yeast-like fungi to 
hydrolyse amides has not been applied hitherto as 
a taxonomical criterion, except in the case of the 
Cryptococcus genus. In our experience the amidase 
spectrum applied in this work has proved a valid 
tool for identification of yeasts, whose incorpor- 
ation into routine practice can help to simplify 
currently available identification procedures, to 
improve identification of species and biovars and 
to economize on the use of resources in clinical 
microbiological practice. 
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